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Summary

A hereditary evaluation of Legg-Calve-Perthes Disease (LCPD) in the Miniature Pinscher
(Min Pin) is proposed to assess the genetic contribution to disease presentation. Initial
analyses include complex segregation analyses (CSA) to determine the mode of
transmission of LCPD in the Min Pin, as well as heritability analyses to estimate the
contribution of genetic and non-genetic (environmental) factors in the total population’s
phenotypic variance. Future studies are dependent on the results of the CSA: simple
patterns of inheritance (i.e., autosomal recessive, autosomal dominant) require fewer dogs
in association studies than complex traits (i.e., polygenic/multifactoral). Linkage studies
(linkage analysis; linkage disequilibrium) draw on basic biological principles in that
markers, or genetic “signposts” (e.g., microsatellites, single nucleotide polymorphisms
(SNPs)) located near a disease-controlling gene will be co-inherited, or linked, with the
disease phenotype.

To determine linkage, there are two approaches we can take: classical linkage analysis
(LA) which traces alleles through generations, and linkage disequilibrium (LD), which
utilizes unrelated dogs that show the same phenotype.

Linkage analysis requires an extensive pedigree (3+ generations, all siblings in a litter
represented) with informative matings (those that produce disease), and samples taken
from as many individuals as possible from the constructed pedigree. The inheritance of
alleles associated with a particular trait is then traced through the pedigree. Microsatellite
markers (short, repetitive sequences of variable length dispersed throughout the genome)
from the canine genome have been used in various studies from our lab. Two genes or
markers that are very close are less likely to be separated by naturally occurring
recombination than two genes or markers at opposite ends of a chromosome. Linkage
analysis looks for a particular allele that is always or most often associated with the
disease status. Alleles with high correlation to a particular phenotype are considered
linked, and the area of the chromosome is then examined in order to identify candidate
genes.

Linkage disequilibrium (LD) is based on similar principles but does not require tracing of
alleles through pedigrees. LD relies on the principle that unrelated dogs of a particular
breed, sharing the same disease phenotype, will share the same defective gene causative
for the disease, and that disease can be traced to a common ancestor. For LD, disease
allele(s) must be shown to correlate with the affected phenotype in many different
pedigrees. Also, no individual in the analysis can be related to any other individual by



three generations in order to show conservation of the phenotype. The LD analysis looks
for an association of one allele with affected individuals.

Microsatellite markers can be used for LD studies, but the newest technology available
for canine genetics research is an oligonucleotide-based array that identifies the DNA
sequence at specific loci throughout the genome. The sequences at these loci are known
to vary by a single base pair. A large-scale study of the canine genome has identified
more than 25,000 informative SNPs across breeds that are useful in the identification of
disease-causing genes. Approximately 40 unrelated dogs (20 affected and 20 unaffected)
are required to complete a SNP analysis for an autosomal recessive trait, 100 unrelated
dogs (50 affected and 50 unaffected) are required for an autosomal dominant trait, and
200 unrelated dogs (100 affected and 100 unaffected) are required for complex traits.

We are requesting $2000 to compensate lab personnel for collating of materials,
construction of a database and pedigrees, and analysis of all data.

Funds for continuing experiments after the CSA would be discussed at the completion of
these initial analyses provided the data indicate a strong genetic basis of disease and
encourage us to move forward with the project. If the disease is judged to be too complex
(if a polygenic mode of inheritance with no major gene is identified), the project will be
re-evaluated as to whether it is prudent to continue research when no results may be
produced – especially considering the funding could be applied to other worthwhile
research endeavors.

Following this summary, we have a grant proposal written in standard scientific format
for the initial phase of research (heritability and CSA).
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Scientific Abstract
Legg-Calve-Perthes Disease (LCPD) is a debilitating developmental disease that affects
toy and miniature breeds of dog. The only easily observable indications of this condition
are pain, lameness, and muscle atrophy of the hip joint. These signs are not exclusive to
LCPD, and are often attributed to minor trauma during the early stages of disease. LCPD
is diagnosed primarily by radiographic changes in the coxofemoral joint, with patient
breed and age as additional factors in diagnosis. Due to the developmental nature and the
unknown etiology of the disease, LCPD is difficult to predict and prevent. Surgical
intervention provides the best prognosis for the dog, but places significant financial
obligation on the owner. Identification of a mode of transmission and an estimate of
heritability in the Miniature Pinscher (Min Pin) is proposed in this pilot study of LCPD.

Lay Abstract
Legg-Calve-Perthes Disease (LCPD) is a debilitating developmental disease that affects
toy and miniature breeds of dog. Pain, lameness, and muscle atrophy of the hip joint are
the only easily observable indications of the condition, and are sometimes attributed to
minor trauma. LCPD is diagnosed by examining x-rays (radiographs) of affected dogs.
LCPD is difficult to predict and prevent, but good or excellent quality of life can be
acquired with surgery. Identifying the inheritance pattern of LCPD and the degree to
which genetics govern the disease (heritability) are planned for the Miniature Pinscher
(Min Pin).

Co-Investigators
Thomas R. Famula, Ph.D.
Professor and Vice Chair
Department of Animal Science
University of California, Davis
Davis, CA 95616-8521
(530)752-7018 (phone); (530)752-0175 (fax) trfamula@ucdavis.edu

Significance of Research
LCPD is an orthopedic abnormality affecting the femoral head and neck of puppies. The
occurrence of LCPD is primarily in toy and miniature breeds of dog (those <20 pounds),
with a higher predominance in the Miniature Pincher, Pug, Yorkshire Terrier, and West
Highland White Terrier (LaFond et al. 2002).

The initial phase of the investigation of LCPD in the Min Pin is to identify the mode of
transmission and calculate estimates of heritability. Elucidating the basis of inheritance is
critical for developing sound breeding practices and minimizing the number of cases of
LCPD in these breeds.

Background of Research
Legg-Calve-Perthes Disease (LCPD) is a developmental disease characterized by
avascular necrosis of the femoral head and neck, first described in veterinary literature
independently by Spicer, Schnelle, and Moltzen-Nielsen in the late 1930’s (Ljunggren
1967). This disease primarily affects toy and miniature breeds of dog, with an age of



onset between 4 and 11 months of age. There is no predilection to one sex, and it is
generally accepted to be an autosomal recessive condition (Demko and McLaughlin,
2005). This condition can affect either one or both of the femurs (unilateral or bilateral)
with only 10-15% of cases having bilateral involvement. There are no reports of one side
being more commonly affected than the other. The exact cause of LCPD is unknown, but
the disease presentation classically results in osteonecrosis of the femoral head secondary
to ischemia or vascular insult. While LCPD is known to have genetic involvement, the
extent to which genetics play a role in disease presentation, and what additional
environmental factors contribute to the disease, remain unclear.

LCPD is diagnosed by a combination of dog history (i.e., age, breed, clinical signs),
physical examination, histology, and radiographic evidence of structural femoral changes.
The treatment and prognosis of LCPD varies. Surgical intervention, primarily femoral
head ostectomy (FHO), has a greater than 84% success rate of alleviating pain and
lameness. Conservative treatments, comprised of rest, restricted exercise, proper
nutrition, joint stabilization techniques and analgesics, rarely improve clinical signs. Less
than 25% of cases opting for conservative treatment result in resolution of pain and
limping. (Demko and McLaughlin 2005)

While surgical intervention has better odds for alleviating and resolving the clinical signs
of LCPD, it also places a financial burden on owners of affected dogs. FHO procedures
cost a minimum of $1000, not including any physical therapy and recheck examination
fees during the three to six month recovery period. Within the last few years, total hip
replacement surgery has become available to toy breeds. This procedure reconstructs the
coxofemoral joint, making it the “gold standard” in surgical LCPD repair. The cost of hip
replacement surgery is estimated to be $5000, without factoring in additional follow-up
therapies and examinations.

LCPD has been researched in various studies to determine the mode of inheritance and
etiological factors contributing to the disease in multiple breeds: Manchester Terrier,
Yorkshire Terrier, Miniature Poodle, and Pug. The proposed modes of inheritance for
these dogs are: multi-factoral, monogenic autosomal recessive (AR), monogenic AR, and
monogenic AR, respectively (Vasseur et al. 1988, Robinson 1992). Analysis of litter data
from Min Pin puppies affected by LCPD found an incidence of disease suggestive of a
monogenic autosomal recessive mode of inheritance (Robinson 1992). No multi-
generational pedigree analyses or complex segregation analyses (CSA) have been
published for the Min Pin. Future studies of LCPD in the Min Pin will be determined
based on the results of these inheritance studies.

Specific Objectives
(1) Construct multi-generational pedigrees from Min Pin information received
(2) Complete estimate of heritability and CSA for Min Pin pedigrees



Description of Research

Estimate of heritability
A threshold model for the liability to disease will be implemented to estimate the
heritability of LCPD in the Min Pin. This strategy has been recently employed in the
evaluation of a developmental disease in the Havanese (Starr et al. 2007). Calculations
will be carried out using Sequential Oligogenic Linkage Analysis Routines (SOLAR)
(Almasy and Blangero 1998, Blangero et al. 2005), making use of the approach
documented by Duggirala et al. (1997).

Complex segregation analysis
Complex segregation analysis, developed by Bonney (1986), is intended to integrate
Mendelian transmission genetics at a single locus with the patterns of covariance
expected in polygenic inheritance. Lynch and Walsh (1998) provide a more complete
description of complex segregation analysis and the methods used in this investigation
will follow those employed in Starr et al. (2007). Evaluation of the models necessary for
complex segregation analysis will be conducted with the Bayesian software package iBay
(2006, version 1.0). The iBay software is an extension of MaGGic (Janss 1998) rewritten
to accommodate complex segregation analysis in binary traits, as well as normally
distributed phenotypes, for pedigrees that include inbreeding. In addition, a test of the
effect of gender on the predisposition to disease will be tested using a likelihood ratio
test.

Expected outcomes & potential applications
We expect to identify the mode of transmission of LCPD in the Min Pin and estimate the
degree to which genetics play a role in the disease presentation. This will be
accomplished by collecting and analyzing pedigree information from multiple families of
dogs. Elucidating the inheritance of LCPD in the Min Pin will provide concrete
information that breeders can incorporate into their breeding decisions. Any insights
gained from the Min Pin research may be applicable to other toy or miniature breeds
affected by LCPD.

Anticipated problems
The only anticipated problem is the construction of informative pedigrees with detailed
phenotypic information. A minimum of 3 generations and the segregation of LCPD are
required for the pedigree analysis. Collecting samples and assembling the pedigree
information for a sufficient amount of dogs will entail the largest commitment of time. It
should be noted that because the data come from owner submissions, the data will be
collected in a non-random fashion. Moreover, as this is a study of inheritance, the data
will be constructed around probands. The analysis methods proposed in this grant,
however, take into account the ascertainment bias given the dogs used in the analysis are
considered random samples of Min Pins.
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Budget
1) Salary: Salary is requested for laboratory personnel for the collection of pedigree
information, database assembly, and data analysis.



2) Clinical tests on dogs: Radiographs are required for confirmatory diagnosis of LCPD,
but the evaluation for LCPD will have occurred before entry into the Texas A&M
University Canine Genetics Research (TAMU-CGR) study.
3) Travel expenses: None. Samples will be submitted by owners directly to TAMU-CGR.
There is no expected travel to dog shows to collect samples at this time.
4) Specific and total costs to dog owners participating in the research: Owners will not be
charged for participation in the TAMU-CGR study and all effort will be made to spare
participants any costs by providing supplies and sample shipping; however, expenses
associated with the diagnosis of LCPD by the attending veterinarian are separate.

Timeline
Collection and assembly of pedigrees: 3 months
Pedigree analysis and complex segregation analyses: 1 month
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